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XA-9484 
PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of: 
Yoshikuni MATSUNAGA et al . 
Intl. Appln. No.: PCT/ JP98/05921 
Intl. Filing Date: 25 December 1998 
For: MOBILE COMMUNICATION UNIT 

* * * 
PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 2 0231 

Sir: 

Prior to examination, please amend the above -identified 
patent application as indicated below. 

IN THE CLAIMS : 

6 . (Amended) A mobile communication apparatus according 
to claim 1, wherein said amplifying element comprises an 
insulated-gate field-effect transistor. 



7 . (Amended) A mobile communication apparatus according 
to claim 1, wherein said amplifying element comprises 
insulated-gate field-effect transistors connected in parallel. 

Please add the following claims: 

8. (New) A mobile communication apparatus according to 
claim 2, wherein said amplifying element comprises an 
insulated-gate field-effect transistor. 

9 . (New) A mobile communication apparatus according to 
claim 3, wherein said amplifying element comprises an 
insulated-gate field-effect transistor. 

10 . (New) A mobile communication apparatus according to 
claim 4, wherein said amplifying element comprises an 
insulated-gate field-effect transistor. 

11. (New) A mobile communication apparatus according to 
claim 5, wherein said amplifying element comprises an 
insulated-gate field-effect transistor. 
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12 . (New) A mobile communication apparatus according to 
claim 2, wherein said amplifying element comprises insulated- 
gate field-effect transistors connected in parallel. 

13 . (New) A mobile communication apparatus according to 
claim 3, wherein said amplifying element comprises insulated- 
gate field-effect transistors connected in parallel. 

14. (New) A mobile communication apparatus according to 
claim 4, wherein said amplifying element comprises insulated- 
gate field- effect transistors connected in parallel. 

15. (New) A mobile communication apparatus according to 
claim 5, wherein said amplifying element comprises insulated- 
gate field-effect transistors connected in parallel. 

REMARKS 

This Preliminary Amendment eliminates the multiple 
dependencies from Claims 6 and 7 in order to avoid the 
multiple dependent claims surcharge. Claims 8-15 presented 
herein correspond to the dependencies eliminated from Claims 6 
and 7 . 
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The Commissioner is hereby authorized to charge to 
Deposit Account No. 50-1165 any fees that may be required by 
this paper and to credit any overpayment to that Account. If 
any extension of time is required in connection with the 
filing of this paper and has not been requested separately, 
such extension is hereby requested. 

Respectfully submitted, 



MWSrlmb By: ^ ^^^U 

Mitchell W. Shapiro 
Miles & Stockbridge P.C. Reg. No. 31,568 

1751 Pinnacle Drive 
Suite 500 

McLean, Virginia 22102-3833 
(703) 610-8652 

June 18, 2001 



4 



y r 1 

6 .*A mobile communication apparatus according to gny ofjclaim 
1 ^through claim Is], wherein said amplifying element comprises 
an insulated-gate field-effect transistor. 

7. ^A mobile communication apparatus according tojany ofjclaim 
1 jthrough claim j^, wherein said amplifying element comprises 
insulated-gate field-effect transistors connected in 
parallel . 
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DESCRIPTION 



MOBIL E COMMUNICATION UNIT 

Technical Field: 

The present invention relates to a mobile communication 
apparatus which uses a microwave band of 300 MHz or above, and 
particularly to a technique useful for a high-frequency (RF) 
power amplifier which implements power amplification of RF 
signals . 

Background Art : 

In recent years, mobile communication apparatus 
represented by portable telephone sets based on the GSM (Global 
System for Mobile Communication) or PDC (Personal Digital 
Cellular) scheme are becoming prevalent quickly. These mobile 
communication apparatus are generally made up of an antenna 
which transmits and receives radio waves, an RF power amplifier 
which amplifies a power-modulated RF signal and feeds the 
--amplified signal to the antenna, a receiver section which 
processes an RF signal received by the antenna, a control 
section which controls these functional sections, and a battery 
which supplies a power voltage to these functional sections. 
The arrangement of such mobile communication apparatus is 
disclosed, for example, in publication "Hitachi Review", Vol.78, 
No. 11, pp. 21-26 (published in Nov. 1996). 
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The reason for the prevalence of mobile communication 
apparatus resides in the feasibility of information 
communication "at any time in any place with any person" owing 
to their features of compactness and light weight. However, 
in order for mobile communication apparatus to prevail further, 
they are required to be much smaller in size, weight and power 
consumption. Therefore, it is necessary to accomplish the 
further reduction in size, weight and power consumption of 
component parts of mobile communication apparatus. 

One of component parts is the RF power amplifier which 
feeds the RF signal to the antenna. This RF power amplifier 
has the largest power consumption among the component parts of 
mobile communication apparatus. Accordingly, for the further 
reduction of power consumption of mobile communication 
apparatus, it is effective to reduce the power consumption of 
the RF power amplifier, i.e., improve the efficiency of the RF 
power amplifier. RF power amplifiers of this sort are disclosed, 
for example, in Japanese Patent Unexamined Publications Nos. 
Hei 5 (1993) -152976 and Hei 8 ( 1996) -222 973 . 

Fig. 13 is a diagram showing in brief the arrangement of 
an RF power amplifier which has been studied prior to the present 
invention. In Fig. 13, reference symbol 1 denotes an input 
matching circuit (IMC), 2 is an inter-stage matching circuit 
(I SMC), 3 is an output matching circuit, 4 is a drive circuit, 
Pin is the input power (terminal) , Vapc is the output power 
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control voltage, Vdd is the power voltage, and Pout is the output 
power (terminal) . An amplifying element Tl is supplied on its 
gate with a bias voltage which is produced by dividing the output 
power control voltage Vapc with resistors Rl and R2 - The 
amplifying element Tl is also supplied on its drain with the 
power voltage Vdd through a strip line SL1 . The output matching 
circuit 3 is formed of fixed capacitors CI, C2 , C3 and C4 and 
a strip line SL2 . The capacitor C4 is a coupling capacitor for 
blocking a d.c. bias current. The capacitors C1-C3 have their 
values of capacitance and the strip line SL2 has its value of 
width adjusted such that the amplifying element Tl is rendered 
the impedance matching with the output terminal. Similarly, 
the input matching circuit 1 and inter-stage matching circuit 
2 are each formed of multiple capacitors and a strip line so 
as to take impedance matching between the input terminal and 
the drive circuit 4 and between the drive circuit 4 and the 
amplifying element Tl. The following explanation is based on 
a design example in which the signal frequency is 900 MHz and 
the capacitors C1-C4 are of 6 or 8 pF, 7 pF, 1 pF and 18 pF, 
respectively. 

Fig. 14 shows an example of the operational 
characteristics of the above-mentioned RF power amplifier 
studied prior to the present invention. Fig. 14 shows by graph 
(A) the relation between the output power Pout and the 
efficiency n of the amplifier operating at the usual power 
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voltage Vdd of 3 . 5 V. The figure shows by graph (B) the relation 
between the power voltage Vdd and the output power Pout. The 
output matching circuit of this RF power amplifier implements 
tuning (matching) so that even if the power voltage Vdd falls 
to 3.0 V due to used-up power of the battery, the amplifier 
delivers the output power Pout of the target performance (e.g., 
the target performance at a signal frequency of 900 MHz is to 
release 3.0 Wat a power voltage Vdd of 3.0 V, and release 3.6 
W at 3.5V). Namely, tuning makes much account of the output. 
Tuning of output priority is to have a larger output power Pout 
based on smaller capacitance values of the capacitors of the 
output matching circuit 3. With the capacitor Cl having the 
smaller capacitance of 6 pF, the output power Pout at a power 
voltage Vdd of 3.0Vis3W (point Pll ) of the target performance . 

By the tuning of output priority, the output power Pout 
at the usual power voltage Vdd of 3.5 V becomes 4 W (point PI) 
as shown by graph (B) of Fig. 14, which exceeds 3. 6 W of the target 
performance. On the other hand, the efficiency r\ is as low as 
45% (point PI) as shown by graph (A) . 

For the enhancement of efficiency of the RF power 
amplifier arranged as shown in Fig. 13, only means is to alter 
the tuning state of the output matching circuit 3. On this 
account, tuning of efficiency priority is attempted. Tuning 
of efficiency priority is to have a higher efficiency r| based 
on larger capacitance values of the output matching circuit 3. 



Specifically, with the capacitor CI having the larger 
capacitance of 8 pF, tuning is implemented to raise the 
efficiency ti to 49% (point P2 ) as shown by graph (A) of Fig. 14. 

Implementing the tuning of efficiency priority causes the 
output power Pout at a power voltage Vdd of 3.5 V to become 3.6 
W (point P2) of the target performance. However, if the power 
voltage Vdd falls to 3.0 V, the output power Pout decreases to 
2 . 7 W (point P21) as shown by graph (B) of Fig. 14 , which is short 
of the target performance. 

As described above, the RF power amplifier which has been 
studied prior to the present invention needs to implement tuning 
of efficiency priority for retaining the output power at the 
lower power voltage of 3.0 V in order to achieve the target 
performance. In consequence, it is problematic in that the 
efficiency is degraded, while the output power is in excess of 
the nominal value, at the higher power voltage of 3.5 V. 

Another problem is that when tuning of efficiency 
priority is implemented in order to enhance the efficiency, the 
output power falls and is short of the target performance at 
the lower power voltage of 3.0 V. 

The present invention is intended to solve the foregoing 
problems, and its object is to provide a technique of reducing 
the power consumption, i.e., raising the efficiency, of the RF 
power amplifier of mobile communication apparatus. 

Another object of the present invention is to provide a 
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technique of further reducing the size and weight of mobile 
communication apparatus. 

These and other objects and features of the present 
invention will become apparent from the following description 
of specification and from the accompanying drawings. 

Disclosure of the Invention: 

In order to achieve the above objectives, the mobile 
communication apparatus of this invention comprises an antenna 
which transmits and receives radio waves, an RF power amplifier 
which amplifies a power-modulated RF signal and feeds the 
amplified signal to the antenna, a receiver section which 
processes an RF signal received by the antenna, a control 
section which controls these functional sections, and a battery 
which supplies a power voltage to these functional sections, 
and the RF power amplifier is made up of amplifying elements 
of multiple stages (including a drive circuit) which amplify 
the RF signal, an input matching circuit which implements 
impedance matching for the input, an inter-stage matching 
circuit which implements impedance matching between the 
amplifying elements, and an output matching circuit which has 
means of varying the state of impedance matching of the output 
depending on the level of the power voltage which is applied 
to the amplifying elements. 

The means of varying the state of impedance matching of 



the output depending on the level of the power voltage applied 
to the amplifying elements is preferably formed of a variable 
capacitance element. 

The variable capacitance element can be a MOS-type 
element. The MOS-type element may have an inverting layer. 

Alternatively, the means of varying the state of 
impedance matching of the output depending on the level of the 
power voltage applied to the amplifying elements may be made 
up of an inverter which receives the power voltage and a varicap 
diode which has application of the output of the inverter. 

For the mobile communication apparatus, the amplifying 
elements are preferably insulated-gate field-effect 
transistors . 

In this case, the amplifying elements can be 
insulated-gate field-effect transistors connected in 
parallel . 

Brief Description of the Drawings: 

Fig. 1 is a block diagram showing the mobile communication 
apparatus of this invention; Fig. 2 is a diagram showing an 
example of the circuit arrangement of the RF power amplifier 
based on a first embodiment of this invention; Fig. 3 is a graph 
showing an example of the operation of the inverter element used 
in the first embodiment; Fig. 4 is a graph showing an example 
of the capacitance vs. voltage characteristic of the varicap 
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diode used in the first embodiment; Fig. 5 is a set of graphs 
showing an example of the characteristics of the RF power 
amplifier of the first embodiment; Fig. 6 is a diagram showing 
an example of the circuit arrangement of the RF power amplifier 
based on a second embodiment of this invention; Fig. 7 is a 
diagram showing an example of the structure of the variable 
capacitance element used in the second embodiment; Fig. 8 is a 
graph showing an example of the capacitance vs. voltage 
characteristic of the variable capacitance element used in the 
second embodiment; Fig. 9 is a diagram showing an example of the 
circuit arrangement of the RF power amplifier based on a third 
embodiment of this invention; Fig. 10 is a diagram showing an 
example of the circuit arrangement of the RF power amplifier 
based on a fourth embodiment of this invention; Fig. 11 is a 
diagram showing an example of the layout of the amplifying 
elements and their downstream parts of the fourth embodiment; 
Fig. 12 is a diagram showing an example of the circuit 
arrangement of the RF power amplifier based on a fifth 
embodiment of this invention; Fig. 13 is a diagram showing the 
circuit arrangement of the RF power amplifier which has been 
studied prior to the present invention; and Fig. 14 is a set of 
graphs showing an example of the characteristics of the RF power 
amplifier shown in Fig. 13. 



Best Mode for Carrying Out the Invention: 



The embodiments of this invention will be explained in 
detail with reference to the drawings . Throughout the drawings, 
component parts having identical functions are referred to by 
the same reference symbols, and detailed explanation thereof 
will not be repeated. 
Embodiment 1 : 

Fig.l is a block diagram showing in brief the arrangement 
of the inventive mobile communication apparatus. The mobile 
communication apparatus shown in this figure is a portable 
telephone set, i.e., so-called cellular telephone, based on the 
zone selection scheme (or cell selection scheme) . 

The mobile communication apparatus of this embodiment is 
made up of an antenna 51 which transmits and receives radio waves, 
a transmitter 20 which modulates a low-frequency signal into 
a high-frequency (RF) signal of a microwave band, an RF power 
amplifier (RFPA) 24 which amplifies an RF signal and feeds to 
the antenna 51, a receiver section 30 which processes an RF 
signal received by the antenna 51, a control section 40 which 
controls these functional sections, and a battery 50 which 
supplies a power voltage Vdd and a reference voltage GND to these 
functional sections. 

The transmitter 20 includes a microphone 21, a base band 
unit (BBU) 22 having functions of encoding and modulation, and 
a mixer 23. The transmitter 20 implements the digital encoding 
and modulation process for the signal coming from the microphone 
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21 or a console (CONS) 44, and thereafter converts the signal 
into an RF signal of a prescribed microwave band. The resulting 
RF signal is amplified by the RF power amplifier 24 and fed to 
the antenna 51 by way of an antenna duplexer (DUP) 52. 

The receiver section 30 includes a low-noise amplifier 
(LNA) 31, a mixer 32, an intermediate frequency (IF) amplifier 
33, a detector (DET) 34, a demodulator (DEM) 35, a D/A converter 
36, a low-frequency (LF) amplifier 37, and a speaker 38. The 
receiver section 30 amplifies the RF signal coming from the 
antenna 51 through the antenna duplexer 52, and thereafter 
implements the detection and demodulation process thereby to 
reproduce the signal. 

The control section 40 includes a local oscillator (OSC) 
41, a received signal strength indicator (RSSI) 42, a control 
unit (CNTU) 43, a console 44 having a display and operational 
functions, an A/D converter 45, and D/A converters 46 and 47. 
The control section 40 implements selection of a base station 
based on the received signal strength and control of the output 
power of the RF power amplifier and the gain of the received 
signal . 

Fig. 2 is a diagram showing an example of the circuit 
arrangement of the RF power amplifier based on this embodiment. 
As shown in Fig. 2, the RF power amplifier is made up of an input 
matching circuit 1, an inter-stage matching circuit 2, an output 
matching circuit 3, a drive circuit 4 , and other parts . In Fig. 2, 



10 



indicated by Pin is the input power, Vapc is the output power 
control voltage, Vdd is the power voltage, and Pout is the output 
power. An amplifying element Tl is supplied with a gate bias 
voltage which is produced by dividing the output power control 
voltage Vapc with resistors Rl and R2 . The amplifying element 
Tl is also supplied on its drain with the power voltage Vdd 
through a strip line SL1 . 

In the output matching circuit 3, component parts 
identical to those of the circuit of Fig. 13 which has been 
studied prior to the present invention are referred to by the 
same symbols. Specifically, the output matching circuit 3 is 
formed of fixed capacitors C2 (e.g., 7 pF) , C3 (e.g.,1 pF) , C4 
(e.g,18pF) and CIO (e.g,100pF), and a varicap diode Cd. The 
output matching circuit 3 adjusts the matching state between 
the amplifying element Tl and the output terminal depending on 
the power voltage Vdd. Specifically, an inverter circuit 
formed of an inverter element T10 receives the power voltage 
Vdd to release a voltage Vd which varies inversely to the power 
voltage Vdd, with the voltage Vd being applied to the varicap 
Cd so as to adjust its capacitance. 

The relation between the operation of inverter circuit 
and the capacitance value of varicap Cd will be explained by 
using Fig. 3 and Fig. 4 . The inverter element T10 is an n-channel 
field effect transistor (FET) having its threshold voltage 
slightly lower than 3.0 V (e.g. , around 2.7V), and it has drain 
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current Id vs. drain voltage Vd d.c. characteristics at gate 
voltages Vg of 3.0 V and 3.5 V as shown in Fig. 3. In Fig. 3, 
the solid line passing through point A is the load line at a 
power voltage Vdd of 3 . 5 V, while the dashed line passing through 
point B is the load line at a power voltage Vdd of 3.0 V. The 
load lines have their slope determined from the value of a load 
resistor RIO. The resistor RIO is 2 kQ in this embodiment. 
As shown in Fig. 3, the inverter element T10 has a drain voltage 
Vd of about 0.5 V at a power voltage Vdd of 3.5 V, i.e., at a 
gete voltage Vg of 3 . 5 V, and it is about 2 V at a power voltage 
Vdd of 3.0 V. 

Namely, the drain voltage Vd of the inverter element T10 
varies in the range from 0 . 5 V to 2 V in response to the variation 
of the power voltage Vdd in the range from 3.5 V to 3.0 V. At 
the same time, the varicap Cd has its capacitance Cx varying 
in the range from 9 pF to 6 pF approximately in response to the 
variation of drain voltage Vd from 0.5Vto2Vas shown in Fig . 4 . 
In consequence, the matching (tuning) state of the output 
matching circuit 3 of Fig. 2 is adjusted. 

Fig. 5 shows the resulting operational characteristics of 
the RF power amplifier. The figure shows by graph (A) the 
relation between the output power Pout and the efficiency rj at 
the usual power voltage Vdd of 3.5 V, and shows by graph (B) 
the relation between the power voltage Vdd and the output power 
Pout. The inverter element T10 has a gate voltage Vg of 3.5 
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V at the usual power voltage Vdd of 3.5 V, and accordingly the 
drain voltage Vd is 0.5 V as revealed by the graph of Fig. 3. 
Accordingly, the varicap Cd has a capacitance Cx of about 9 pF 
as revealed by the graph of Fig. 4. Since the d.c. bias current 
blocking capacitor CIO is about 100 pF in this embodiment, the 
capacitance of the capacitor CIO and varicap Cd in serial 
connection is about 8 pF, which is the larger capacitance. This 
is the case of tuning with a larger capacitance, and the output 
matching circuit 3 is rendered the tuning of efficiency 
priority. 

In regard to the operational characteristics of the RF 
power amplifier, the output power Pout is 3.6 W (target 
performance) and the efficiency tj is 49% (point P2 ) at the power 
voltage Vdd of 3.5 V as revealed by graph (A) of Fig. 5. If the 
power voltage Vdd falls to 3.0 V due to used-up power of the 
battery, the inverter element T10 has its gate voltage Vg also 
falling to 3 . 0 V, and the drain voltage Vd of the inverter element 
T10 applied to the varicap Cd becomes 2 V as revealed by the 
graph of Fig. 3. Accordingly, the capacitance Cx of the varicap 
Cd decreases along the characteristic curve of Fig. 4 to 6 pF 
approximately, which is the smaller capacitance. The output 
matching circuit 3 turns in its tuning state to the output 
priority, delivering the output power (point Pll) which is 
relevant to the power voltage Vdd of 3.0 V on the dashed 
characteristic line on graph (B) of Fig. 14. Namely, the output 
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power Pout of the RF power amplifier becomes 3 W (point Pll) 
of the target performance as shown by the dashed line on graph 
(B) of Fig. 5. 

According to the operational characteristics of the RF 
power amplifier of this embodiment, the efficiency r| is improved 
by about 4% from 45% (point PI) to 49% (point P2 ) at the power 
voltage Vdd of 3.5 V as revealed by graph (A) of Fig. 5, while 
retaining the output power Pout of 3 W at the power voltage Vdd 
of 3.0 V as shown by the solid line Pl-Pll on graph (B) of Fig. 5, 
as compared with the operational characteristics of the RF power 
amplifier which has been studied prior to the present invention 
as shown by the dashed line on graph (B) of Fig. 5 (this 
characteristic line is the same as the dashed line Pl-Pll on 
graph (B) of Fig. 14 ) . 
Embodiment 2 : 

Fig. 6 is a schematic circuit diagram of the RF power 
amplifier based on the second embodiment of this invention. As 
shown in Fig. 6, the RF power amplifier is made up of an input 
matching circuit 1, an inter-stage matching circuit 2, an output 
matching circuit 3, a drive circuit 4, and other parts, as in 
the case of the first embodiment. This embodiment differs from 
the preceding first embodiment in that the inverter element T10, 
resistor RIO, capacitor CIO and varicap Cd of the output 
matching circuit 3 shown in Fig. 2 are replaced with a variable 
capacitance element 11. Accordingly, the output matching 
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circuit 3 of this embodiment is formed of a strip line SL2, fixed 
capacitors C2, C3 and C4 and a variable capacitance element 11, 
and the matching state between the amplifying element Tl and 
the output terminal Pout is adjusted by the variation of 
capacitance of the variable capacitance element 11 depending 
on the power voltage Vdd. The variable capacitance element 11 
and the capacitors C2 and C3 may have their positions 
interchanged in performing the adjustment of matching state. 

An example of the structure and an example of the 
capacitance vs. voltage characteristic of the variable 
capacitance element 11 will be explained by using Fig. 7 and 
Fig. 8. The variable capacitance element 11 can be fabricated 
by the same process as of the amplifying element Tl of the RF 
power amplifier, in which a p-type epitaxial (p-epi) layer 71 
is formed on a high-concentration p ++ -type substrate 70, an 
n-type layer 72 is formed in the p-epi layer 71, and a 
high-concentration n + -type layer 73 is formed in it to make ohmic 
contact with an electrode 74, thereby completing a MOS-type 
element. The variable capacitance element 11 functions by 
utilization of the input capacitance of the MOS-type element. 
The n + -type layer 73 may be replaced with a high-concentration 
p + -type layer, with the n-type layer 72 being rendered such an 
impurity concentration that a surface inverting layer is 
created by application of the power voltage Vdd. 

The MOS-type element can have its input capacitance 
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adjusted to some extent generally based on the thickness of the 
oxide film (Si0 2 ) 75 or the concentration of ion implantation 
of the n-type layer 72. Specifically, the voltage dependency 
of the capacitance Cy required is about 6 pF at a power (terminal) 
voltage Vdd of 3 V and about 8 pF at a terminal voltage Vdd of 
3.5 V as shown by the solid curve on the graph of Fig. 8. The 
variable capacitance element 11 of this embodiment has its 
capacitance Cy saturated at about 5 . 5 pF in the terminal voltage 
Vdd range below 3 V and saturated at about 8 . 5 pF in the terminal 
voltage Vdd range above 3.5 V. However, the variable 
capacitance element 11 may vary much greater without any problem, 
provided that its characteristic is along the dashed line of 
Fig. 8 in the terminal voltage Vdd range from 3.0 V to 3.5 V. 

The RF power amplifier of this embodiment has the same 
operational characteristics as those of the preceding first 
embodiment, and it can have a higher efficiency as compared with 
the RF power amplifier shown in Fig. 13. In addition, the RF 
power amplifier of this embodiment operates to adjust the 
variable capacitance element 11 directly by following the power 
voltage Vdd without increasing the circuit scale and power 
consumption, and it is advantageous in having no need of circuit 
alteration . 

Embodiment 3 : 

Fig. 9 is a schematic circuit diagram of the RF power 
amplifier based on the third embodiment of this invention. The 
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RF power amplifier of this embodiment differs from the that of 
the preceding second embodiment in that a fixed capacitor C5 
is connected in parallel to the variable capacitance element 
11 in the output matching circuit 3. This arrangement is 
advantageous in allowing the variable capacitance element 11 
to be smaller in capacitance and size. Another advantage is 
that even in case there is a disparity of the center value of 
variation range of the capacitance of the variable capacitance 
element 11 attributable to the fabrication process, it can be 
dealt by the fixed capacitor C5. 
Embodiment 4 : 

Fig. 10 is a schematic circuit diagram of the RF power 
amplifier based on the fourth embodiment of this invention. As 
shown in Fig. 10, the RF power amplifier of this embodiment is 
made up of an input matching circuit (not shown) , an inter- 
stage matching circuit 2, an output matching circuit 3, a drive 
circuit (not shown) , and other parts, as in the cases of the 
preceding first through third embodiments . In Fig. 10, the bias 
voltage to be applied to amplifying elements T2 and T3 is 
produced by dividing the output power control voltage Vapc with 
resistors Rl and R2 . The amplifying elements T2 and T3 are 
supplied on their drains with the power voltage Vdd through 
strip lines SL1 and SL2 . The output matching circuit 3 is formed 
of a strip line SL2, fixed capacitors C6, C7 and C4, and a 
variable capacitance element 13. Based on this arrangement, 
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the matching state between the amplifying elements T2 and T3 
and the output terminal Pout is adjusted depending on the power 
voltage Vdd. 

The RF power amplifier of this embodiment differs from 
that of the preceding second embodiment in that it employs a 
parallel connection of amplifying elements T2 and T3 which are 
half in size, i.e., half in gate width W, relative to the 
amplifying element Tl of the second embodiment, and the 
amplifying elements T2 and T3 are rendered the input/output 
impedance matching by means of the strip lines SLl and SL2, 
capacitors Cll, C12, C21 and C22, and resistors R3 and R4 . 

The variable capacitance element 13 has the capacitance 
vs. voltage characteristic as shown in Fig. 8, and it can be 
the MOS-type element of the second embodiment or a parallel 
connection of the fixed capacitor C5 and variable capacitance 
element 11 of the third embodiment. The variable capacitance 
element 13 has the same value of variation range as the variable 
capacitance element 11 of the second embodiment, although the 
capacitance value itself is different by the amount of the 
additional matching capacitors C21 and C22 at the outputs of 
the amplifying elements T2 and T3. Similarly, the fixed 
capacitors C6 and C7 are different in capacitance value from 
the capacitors C2 and C3 of the second embodiment due to the 
presence of the additional capacitors C21 and C22. 

The RF power amplifier of this embodiment does not much 
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differ in operation and characteristics and has the same output 
power Pout as compared with the preceding ones, while it further 
gains the efficiency owing to the reduction of gate width W of 
the MOS transistors. 

Fig. 11 shows an example of the layout of the component 
parts located on the downstream side of the amplifying elements 
T2 and T3 of the circuit arrangement shown in Fig. 10. The RF 
power amplifier is designed to be a module, in which chip parts 
including the capacitors C4, C6, C7, C21 and C22 and resistor 
R4, semiconductor chips including the amplifying elements T2 
and T3, and variable capacitance element 13 are planted on a 
dielectric substrate 10 of ceramics, on which are formed the 
strip lines SL1, SL2 and SL21 of conductor such as copper. 
Embodiment 5 : 

Fig. 12 is a schematic circuit diagram of the RF power 
amplifier based on the fifth embodiment of this invention. As 
shown in Fig. 12, the RF power amplifier of this embodiment is 
made up of an input matching circuit (not shown) , an inter- 
stage matching circuit 2, an output matching circuit 3, a drive 
circuit (not shown) , and other parts, as in the case of the 
preceding fourth embodiment. In Fig. 12, a bias voltage is 
produced by dividing the output power control voltage Vapc with 
resistors Rl and R2, and applied to amplifying elements T2 and 
T3 through a resistor R5 . The amplifying elements T2 and T3 
are supplied on their drains with the power voltage Vdd through 
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strip lines SL3 and SL4 . The amplifying elements T2 and T3 are 
a parallel connection of transistors which are half in size, 
i.e., half in gate width W, relative to the amplifying element 
Tl of the second embodiment, as in the case of the fourth 
embodiment. The output matching circuit 3 is formed of a strip 
line SL2, fixed capacitors C16, C17 and C4 and a variable 
capacitance element 14, and the matching state between the 
amplifying elements T2 and T3 and the output terminal Pout is 
adjusted depending on the power voltage Vdd. 

The RF power amplifier of this embodiment differs from 
that of the preceding fourth embodiment in that the amplifying 
elements T2 and T3 have their input signals treated to be out 
of phase by 180° from each other by means of strip lines SL12 
and SL13 and capacitors C13, C14 and C15, and have their output 
signals treated to be out of phase by 180° from each other by 
means of strip lines SL22 and SL23 and capacitors C23, C24 and 
C25. The variable capacitance element 14 has the capacitance 
vs. voltage characteristic as shown in Fig. 8, and it can be the 
MOS-type element of the second embodiment or a parallel 
connection of the fixed capacitor C5 and variable capacitance 
element 11 of the third embodiment. The variable capacitance 
element 14 has the same value of variation range as the variable 
capacitance element 11 of the second embodiment, although the 
capacitance value itself is different by the amount of the 
additional phase-adjusting and matching capacitors C23, C24 and 
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C25 at the outputs of the amplifying elements T2 and T3. 
Similarly, the fixed capacitors C16 and C17 are different in 
capacitance value from the capacitors C2 and C3 of the second 
embodiment due to the presence of the additional capacitors C23, 
C24 and C25. 

Based on this arrangement, when the amplifying element 
T2 receives an input signal on the gate, the amplifying element 
T3 receives the input signal which is different in phase by 180° , 
and these elements T2 and T3 turn on and off alternately. On 
the other hand, the amplifying elements T2 and T3 have their 
amplified outputs treated to differ in phase by 180° , and 
consequently the resulting output signals are in-phase with 
each other. Accordingly, the output power is the same as the 
case of parallel operation of the amplifying elements T2 and 
T3 of the fourth embodiment. Nevertheless, the heat 
dissipation is halved in this embodiment, since the amplifying 
elements T2 and T3 do not turn on simultaneously. The MOS 
transistors have their on-state resistance kept smaller, 
resulting favorably in a smaller thermal loss and a greater 
output. The amplifying elements T2 and T3 used in the RF power 
amplifier of this embodiment have the smaller gate width W as 
in the case of the fourth embodiment, and the further 
enhancement of power efficiency is achieved. 

Although the preferred embodiments of the present 
invention have been explained, the present invention is not 
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confined to these embodiments, but various design alterations 
are obviously possible within the scope of the invention. 

Industrial Applicability: 

In the inventive mobile communication apparatus having 
an antenna which transmits and receives radio waves, an RF power 
amplifier which amplifies a power-modulated RF signal and feeds 
to the antenna, a receiver section which processes an RF signal 
received by the antenna, a control section which controls these 
functional sections, and a battery which supplies a power 
voltage to these functional sections, the RF power amplifier 
is made up of amplifying elements of multiple stages which 
amplify the RF signal, an input matching circuit which 
implements impedance matching for the input, an inter-stage 
matching circuit which implements impedance matching between 
the amplifying elements, and an output matching circuit which 
has means of varying the state of impedance matching of the 
output depending on the level of the power voltage which is 
applied to the amplifying elements . Consequently, the RF power 
amplifier can be lower in power consumption and higher in 
efficiency. This high efficiency technique will be able to make 
mobile communication apparatus more compact. 
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Claims : 



1. (Amendment) A mobile communication apparatus having an 
antenna which transmits and receives radio waves, an RF power 
amplifier which amplifies a power-modulated RF signal and feeds 
the amplified signal to said antenna, a receiver section which 
processes an RF signal received by said antenna, a control 
section which controls these functional sections, and a battery 
which supplies a power voltage to these functional sections, 
said RF power amplifier comprising amplifying elements of 
multiple stages which amplify the RF signal, an input matching 
circuit which implements impedance matching for the input, an 
inter-stage matching circuit which implements impedance 
matching between said amplifying elements, and an output 
matching circuit which has means of varying the state of 
impedance matching of the output in proportion to the level of 
the power voltage which is applied to said amplifying elements. 

2. (Amendment) A mobile communication apparatus according 
to claim 1, wherein said means of varying the state of impedance 
matching of the output in proportion to the level of the power 
voltage comprises a variable capacitance element. 

3. A mobile communication apparatus according to claim 2, 
wherein said variable capacitance element comprises a MOS-type 
element . 

4. A mobile communication apparatus according to claim 3, 
wherein said MOS-type element has a surface inverting layer. 



5. (Amendment) A mobile communication apparatus according 
to claim 1, wherein said means of varying the state of impedance 
matching of the output in proportion to the level of the power 
voltage is formed of an inverter which receives the power 
voltage and a varicap diode which has application of the output 
of said inverter. 

6. A mobile communication apparatus according to any of claim 
1 through claim 5, wherein said amplifying element comprises 
an insulated-gate field-effect transistor. 

7 . A mobile communication apparatus according to any of claim 
1 through claim 5, wherein said amplifying element comprises 
insulated-gate field-effect transistors connected in 
parallel . 



Abstract : 

The RF power amplifier used in the conventional mobile 
communication apparatus needs to have its output matching 
circuit adjusted by making much account of the output power at 
a lower power voltage. Therefore, it is problematic in that 
the output power is excessive at the normal power voltage, 
resulting in a degraded power efficiency. For overcoming this 
prior art deficiency of mobile communication apparatus having 
an antenna, RF power amplifier, receiver section, control 
section, and battery, the RF power amplifier is designed to 
include amplifying elements of multiple stages which amplify 
the RF signal, input matching circuit, inter-stage matching 
circuit, and output matching circuit having means of varying 
the state of impedance matching of the output depending on the 
level of the power voltage applied to the amplifying elements. 
Consequently, the RF power amplifier can be smaller in power 
consumption (higher in efficiency) , and mobile communication 
apparatus can be made smaller in power consumption and in size 
and weight. 
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